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Wednesday, March 9, 2011 591abinding to SR vesicles from skeletal muscle we found that purified wt-b1a
subunit had an inhibitory effect in RyR1 activity in a dose-dependent manner
(IC50=38nM). However, purified b-38, a construct that failed to restore EC-
coupling in myotubes, failed to inhibit 3H-ryanodine binding to RyR1. Over-
all, these results are consistent with the hypothesis that DHPR b1a subunit
functionally interacts with RyR1 through a domain in the final 38 amino acids
in its C-terminal tail.
Supported by NIH Grants 5K01AR054818-02 (to CFP) and 1P01AR044750 (to
PDA)
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Hydrophobic Residues that Determine In Vitro Activation of RyR1 by the
Beta1A Subunit of DHPR
Robyn T. Rebbeck, Yamuna Karunasekara, Esther M. Gallant,
Nicole A. Beard, Philip G. Board, Marco Giovani Casarotto,
Angela F. Dulhunty.
Excitation-contraction (EC) coupling in skeletal muscle depends on physical
interactions between two calcium ion channels: the dihydropyridine receptor
(DHPR) in the transverse tubule membrane and ryanodine receptor (RyR1)
in the sarcoplasmic reticulum membrane. Although the molecular components
of this interaction are still being identified, both the DHPR a1S and b1a subunit
are essential. The C-terminal 35 residues of b1a (V490-M524) and a hydropho-
bic heptad repeat (L478, V485, V492) are claimed to contribute to mammalian
EC coupling (1, 2), but the heptad repeat is not important in a zebrafish model
(3). We investigated the importance of the heptad repeat using two peptides:
b1a490-524 (containing only one hydrophobic heptad repeat residue) and
b1a474-508 containing all repeat residues.
Both biotinylated b1a peptides bound RyR1 in streptavidin-agarose affinity
chromatography. Peptide binding to the cytoplasmic side of RyR1 channels
in lipid bilayers and in [3H]ryanodine binding experiments showed that b1a
490-524 (100pM-500nM) increased RyR1 activity at cytoplasmic Ca2þ con-
centrations between 1 and 10mM, in the absence of Mg2þ inhibition. The action
of b1a 474-508 at 10 and 100nM was indistinguishable from that of b1a 490-
524, indicating that the heptad repeat is not crucial for this in vitro interaction.
In addition we find that three hydrophobic residues on one surface of an a-helix
between L496 and W503 are essential for b1a490-524 to activate RyR1 chan-
nels. Therefore hydrophobic residues in the C-terminus of the b1a subunit acti-
vate RyR1 activity under cytoplasmic Ca2þ and Mg2þ inhibition conditions
found during EC coupling, but the hydrophobic heptad repeat is not essential
for this action.
1. Beurg M et al. (1999) Biophys J77: 2953.
2. Sheridan DC et al. (2004) Biophys J87: 929.
3. Dayal A et al. (2010) Cell Calcium 47: 500.
3196-Pos Board B301
Intramolecular Cav1.1 Chimeras Reveal the Molecular Mechanism
Determining the Characteristic Gating Behaviour of the Skeletal Muscle
Calcium Channel
Petronel Tuluc, Manfred Grabner, Bernhard E. Flucher.
The Ca2þ channel CaV1.1 is the voltage sensor of skeletal muscle excitation-
contraction coupling. The classical skeletal muscle CaV1.1 isoform has poor
voltage sensitivity and conducts a small, slowly activating Ca2þ current. In con-
trast, a splice variant lacking exon 29 (a1S-DE29) (Tuluc et al.,2009) has an 8-
fold higher current amplitude, fast activation-kinetics, and a 30mV left-shifted
voltage-dependence of activation. Therefore, the extracellular loop in repeat IV
(IVS3-IVS4) mainly coded by exon 29 is a critical determinant of the charac-
teristic gating properties of CaV1.1. Here we used intramolecular chimeras be-
tween repeats I and IV to characterize the structural basis of the gating
properties of CaV1.1.
Inserting exon 29 (alone or in combination with IVS3) into the corresponding
region of repeat I was ineffective. However, in combination with the voltage
sensor (IVS4) it fully restored a1S-like amplitude and voltage-sensitivity to
a1S-DE29. Interestingly, all three chimeras exhibit faster activation kinetics.
Secondary structure predictions showed that the long IVS3-IVS4 loop con-
tains a beta-sheet while the short loop forms a coil. Point mutations in exon
29 which abolish the beta-sheet fully mimic the effects of deleting exon 29
regarding the kinetic properties and increase the current amplitude by 3-
fold and left-shift the voltage dependence by 15mV. Together with previous
findings (Nakai et al., 1994) our data suggest that the S3-S4 loop of the first
repeat determines activation kinetics, while the corresponding loop plus volt-
age sensor in the fourth repeat with its unique secondary structure dictate the
voltage-dependence, amplitude, and kinetics of skeletal muscle Ca2þ
currents.
Grants: PT (MFI-2007-417), BEF (FWF-P20059-B05).3197-Pos Board B302
Electrophysiological Analysis of Two Malignant Hyperthermia-Linked
Mutations in the 1,4-Dihydropyridine Receptor a1S Subunit
Roger A. Bannister, Ong Moua, Jose M. Eltit, Paul D. Allen, Kurt G. Beam.
Malignant hyperthermia (MH) is a pharmacogenetic Ca2þ-handling disorder of
skeletal muscle, for which three identified causative mutations reside in the a1S
subunit of the skeletal muscle 1,4-dihydropyridine receptor (DHPR). In this
study, we investigated the effects of two of these mutations (R174W,
R1086C) on the ability of the DHPR to function as an L-type Ca2þ channel.
To do so, we introduced the respective mutations into a1S subunits amino-
terminally tagged with yellow fluorescent protein (YFP-a1S), and expressed
the fusion proteins in dysgenic (a1S null) myotubes. Confocal imaging of the
YFP tags indicated that both YFP-R174W and YFP-R1086C were efficiently
targeted to plasma membrane junctions with the sarcoplasmic reticulum. Mea-
surement of intramembrane charge movements showed no significant differ-
ence in YFP-R174W or YFP-R1086C expression relative to YFP-a1S (p >
0.05, ANOVA). However, L-type Ca2þ currents in YFP-R1086C-expressing
myotubes were substantially reduced relative to myotubes expressing YFP-
a1S (p < 0.05, t-test). Strikingly, YFP-R174W failed to produce inward Ca
2þ
current during 200-ms test depolarizations under standard recording conditions
(n = 7; p< 0.005, t-test) or in the presence of the L-type channel agonist5Bay
K 8644 (10 mM; n = 2; p < 0.05, t-test). In addition, exogenous expression of
YFP-R174W reduced (~85%) L-type currents in myotubes cultured from nor-
mal mice, indicating that the R174W mutation may potentially interfere with
functional expression of the wild-type allele. Supported by NIH AR44750
and MDA 4319 to K.G.B.,and MDA 4155 to R.A.B.
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Effects of Cav1.1 Mutation (S4-II-R528H) Causing Hypokalemic Periodic
Paralysis on L-Type Calcium Current and Voltage Dependent Calcium
Release in Isolated Muscle Fibers
Erick O. Herna´ndez-Ochoa, Vicky Fu, Wentao Mi, Martin F. Schneider,
Stephen C. Cannon.
Hypokalemic periodic paralysis (HypoPP) is an inherited muscle channelop-
athy which has been linked to mutations in the L-type (Cav1.1) Ca2þ channel
alpha 1 subunit. Remarkably, 6 of 7 HypoPP mutations in CaV1.1 are at argi-
nines in S4 voltage sensors, as are all 8 HypoPP mutations in NaV1.4. Here, we
generated a genetically engineered mouse with one amino acid substitution
causing HypoPP located in the S4 voltage sensor of the second domain of
the Cav1.1 alpha subunit (S4-II R528H). Homozygous mutant mice (S4-II
R528H) were viable, and while spontaneous attacks of weakness were not ob-
served, tetanic force was reduced during low K challenge for in vitro contrac-
tions. Single isolated flexor digitorum brevis (FDB) muscle fibers from S4-II
R528Hmice exhibited 80% reduction in the amplitude of fluo4 Ca2þ transients
compared to fibers from wild type (WT) mice when subjected to single or re-
petitive (30 Hz) field stimulation. In voltage-clamped FDB fibers from S4-II
R528H mice, charge movement was not significantly altered in amplitude or
voltage dependence whereas calcium current density was significantly reduced
by 50%. Depolarization-induced fluo4 transients (F/F0) were also reduced in
FDB fibers from S4-II R528H mice when compared to WT counterparts, as
were the Ca2þ transients and Ca2þ release calculated from F/F0. Fibers
form S4-II R528H mice exhibited a reduction in the amplitude of maximum
Ca2þ release rate (Rmax) by ca 80 % when compared to WT fibers. It is con-
cluded that the S4-II R528H mutation of CaV1.1 channel significantly reduces
the whole-cell Ca2þ channel current amplitude, and is crucial for Cav1.1/RyR
coupling during voltage dependent Ca2þ release in skeletal muscle. Supported
by NIAMS (AR42703) and NIAMS (R01-AR055099) of the NIH, and the Mus-
cular Dystrophy Association.
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Regions of the DHPRb1A Subunit Responsible for DHPR Voltage-Sensing
in Skeletal Muscle Excitation-Contraction Coupling
Vinaya Kumar Bhat, Anamika Dayal, Manfred Grabner.
In the DHPRb1-null zebrafish strain relaxed the lack of b1a results in reduced
DHPRa1S membrane expression, in impediment of tetrad formation, and also
in the elimination of a1S charge movement (Schredelseker et al., 2005,
PNAS). Recently we postulated a model describing the b1a subunit as an allo-
steric modifier of proper a1S conformation (Schredelseker/Dayal et al., 2009,
JBC) and thus enabling full DHPR functionality in skeletal muscle
excitation-contraction (EC) coupling.
To investigate if distinct regions of b1a might be responsible for inducing the
voltage-sensing function of the DHPR, we expressed different b isoforms and
chimeras in isolated myotubes of relaxed larvae for patch clamp (charge
movement) analysis. Quantitative immunocytochemical analyses showed
that all four b isoforms (b1-b4) were able to fully target a1S into triads.
